Introduction
Ischemic heart disease is a cardiovascular illness of important consequences with a death rate of 45-100/100.000 inhabitants (leading cause of death in adults) in Spain, and with an incidence of 40000-90000 patients/year and a prevalence of approximately 7% in the last years [1] . It is estimated that in next decades, the loss of years of disability-adjusted life increase of 85 million in 1990 to 150 million in 2020 and thus continue to be a major cause of loss of productivity [2] . This pathology is associated with various cardiovascular risk factors largely known such as age, sex, diabetes mellitus, hypertension, dyslipidemia, obesity and smoking habit [3] .
The cardiac rehabilitation program aims to: reduce morbidity and mortality [4] , improve quality of life, obtain rehabilitation in the family, social and work environment; and decrease secondary disability to cardiovascular disease and improve socio-economic efficiency. In recent years it has been shown that CRP is useful in the secondary prevention of patients who have suffered a cardiovascular event to improve cardiovascular risk factors [5] . It consists of three phases: phase 1 (in-hospital), phase 2 (outpatient) and phase 3 (domiciliary) [6] .
Heart failure of ischemic origin is a factor of poor prognosis due to the increased incidence of death at admission and at six months. It should be also considered the added risks and consequences of other associated diseases which can aggravate the prognosis [6] .
Left ventricle ejection fraction (LVEF) is related to: drugs that are prescribed in certain patients with ischemic heart disease such as ivabradine (IF current inhibitor in sinoatrial node that has demonstrated reduction of mortality and readmission in patients with systolic dysfunction) [7] and eplerenone (aldosterone receptor inhibitor with effectiveness and survival increase in coronary heart disease and heart failure) [8] . It is also associated with myocardial contractility by evolutionary improvement of chronotropic competence [9] and with the risk group.
In the literature, there are studies that explain the decreasing in morbidity and mortality in cardiac rehabilitation programs according to their level of risk. So, low-risk patients reduce those values because of changes in endothelial function [10] , anti-inflammatory effect [11] , modifying the cardiovascular risk profile, increased functional capacity [12] . In patients with a higher risk, in addition to described factors previously that influenced the change of the prognosis, the improvement in survival may be related to the modification of heart functional factors. The improvement of ventricular function produced by exercise can be another mechanism which modified the prognosis of cardiac patients especially if the heart function was affected at the beginning of the program. In patients with depressed left ventricular systolic function, aerobic exercise has showed an increase in exercise capacity and an improvement of data remodeling (ventricular volumes and ejection fraction) [13] .
Despite these evidences, few studies have evaluated the increase in the LVEF and the variables related to this [14] and to the increased myocardial contractility [9] .
In patients who suffered from heart failure caused by systolic dysfunction with ischemic and non-ischemic etiology, CRP application has shown very positive results in clinical improvement [15] .
The main objective of this study was to assess and quantify the increased LVEF and determine the factors related to it. A secondary aim was to analyze the evolution of major cardiovascular risk factors (lipid and glucose profile, abdominal circumference), functional capacity and exercise time.
Methods
A prospective observational study was performed before and after CRP during phase 2 in patients from the cardiac rehabilitation unit of hospital Reina Sofia (Córdoba, Spain) within the routine clinical practice between January 2013 and April 2014. Inclusion criteria were: patients older than 18 years of both sexes who had suffered coronary syndrome and had been assessed in the cardiac rehabilitation unit in phase 2 during the study period, met the criteria for classification of risk (low, moderate or high), referred by the intensive care unit (ICU), cardiology or cardiovascular surgery, with hemodynamic stabilization and ergometry by Bruce Protocol. The exclusion criteria taken into account were: patients with unstabilized coronary syndrome (unstable angina, uncontrolled heart failure and uncontrolled hypertension), severe physical disability which hindered them performing the exercise program, major psychiatric illness, hospitalization during the program for heart disease or other, ergometry by Naughton protocol, phase 1 (in-hospital) and 3 (domiciliary) of the program.
All patients included in the study signed informed consents of exercise test performance and for the inclusion in the cardiac rehabilitation program.
Regarding the study population, 124 patients were selected. 14 were excluded: 4 for being precise ergometry by Naughton protocol, 1 for transfer to another hospital, 2 for not having enough medical scans for inclusion in the study, and 7 for having incidents during the program and hospital admission. The sampling rate was systematic of consecutive cases, from patients referred to the cardiac rehabilitation unit who met inclusion criteria and completed CRP between Prior to commencing the program, it was preceded to the clinical evaluation of patients in consultation. Before requesting participation, they were informed about the content of CRP and characteristics of the study. All patients signed an informed consent for inclusion in this study. Data obtained in the anamnesis were: demographic variables (age and sex), clinical variables that included cardiovascular risk factors (smoking history, diabetes mellitus and arterial hypertension, number of affected coronary vessels, coronary reperfusion treatment and intravenous thrombolysis at admission). As complementary explorations before and after the program: biochemical analysis of LDL cholesterol, HDL cholesterol, triglycerides and glycosylated hemoglobin (mg/dl); abdominal circumference (cm) with measuring tape.
All patients in each group of risk (low, moderate and high) were treated with high potency statins (atorvastatin or rosuvastatin) with the aim of reaching LDL levels < 70 mg/dl. After the program was completed, analytical control was done to verify that values of LDL were desirable. If in the course of the program it found that this objective was not met, it was check the adherence and if the patient was taking the maximum dose, if the treatment was not effective or had intolerance. Reviewed above, if the patient was properly treated without side effects, was added 10 mg ezetimibe.
There are several stratification methods recommended by different societies to classify the cardiologic situation of the patients. All of them focus in evaluating functional capacity, ventricular function, residual ischemia and risk factors. One of the most complete and in which this study has based, has been the guide of the American Association for Cardiovascular and Pulmonary Rehabilitation (AACVPR), according to this guide, there are three risk levels: low, moderate and high [16] .
After completing the CRP, 2 months later from the first consultation, patients were given the discharge clinical report and the evolution of the data between these consultations were compared and collected. This process was made by the computer program of the hospital. Histories of all patients were consulted.
The cardiac rehabilitation program developed in phase 2, consisted of groups of 5 patients each who conducted sessions 3 days a week of 1 hour duration for 2 months. It included an initial phase of warm-up with isotonic and isometric exercises and a training phase on treadmill or cycloergometer (30-45 minutes) whose heart frequency of training (by exercise test) should be reached progressively: (75%) in the first month and (85%) in the second month thereof. The entire process was carried out under medical supervision, electrocardiographic monitoring and pressure values, depending on the risk. It ends with a cooling-down phase, relaxation and stretching exercises. During the 2 months, patients attended health education lectures given by all members of the unit.
A descriptive analysis of the total sample was performed; qualitative variables were expressed indicating absolute frequencies and equivalent proportions in each category, and quantitative variables using mean and standard deviation. Increased quantitative variables were analyzed before and after the program by mean difference using the paired Student t-test with significance and confidence intervals. In the case of sample stratification by risk group, in the high risk group (being of 12 patients), normality was analyzed by Shapiro-Wilk test, and if not met, the paired Wilcoxon t-test was performed; in the opposite case, the paired Student t-test was used.
Increase in LVEF post-CRP has been estimated as continuous variable adjusted by baseline ejection fraction and predictors using multiple linear regression (MLR) (Univariate and Multivariate Analysis), being that, the dependent variable of the model. The independent variables considered were: number of vessels, coronary reperfusion therapy (drug-eluting stents, combination of stents, coronary bypass and conventional stents, being the latter the reference), left ventricular asynergy after CRP, eplererone and ivabradine treatment, sex, intravenous thrombolysis, risk group (regrouping moderate and high risk patients due to the low number of the latter), age, diabetes mellitus, smoking, hypertension and number of sessions. Anti-platelet and lipid-lower treatment was not necessary 
Results
110 patients were included in this study and completed the program. The mean age of the sample was 56.6 ± 8.7 years; Groups of risk are shown in figure 1. Demographic and clinical variables associated with known medical antecedents of the patients described in table 1. The mean duration of the study was 1 year and 6 months.
In the paired Student T-test, in the total sample, it was obtained statistically significant improvement of LVEF, functional capacity, exercise time, LDL cholesterol, HDL cholesterol and glycosylated hemoglobin. Decreased abdominal circumference and increased triglycerides were not significant ( Table 2 ). The results of increased echocardiographic and functional variables of the sample stratified by risk groups are shown in table 3. Statistical differences were found between groups of risk in variation of LVEF by the Bonferroni test.
In the multiple linear regression analysis were found as predictors of increased LVEF (%) after completing the CRP: number of vessels, type of coronary reperfusion and risk group. Linear regression model is represented in table 4. The coefficient of determination (R²) was 0.20. All the assumptions of the regression model were met, except normality of the residuals. No significant interaction, confounding or removed variables that provide additional information were found.
Discussion
The findings of this research established increased LVEF before and after CRP and related predictor factors. It was also obtained improvement in biochemical parameters of lipid, glycemic profiles and stress test values. The main variable was LVEF, due to the presence of the association of ischemic heart disease with heart failure, present in a significant number of patients referred to the unit.
It is considered appropriate stratify the sample by risk groups to analyze increase in LVEF, functional capacity and exercise time. The proportion of low risk patients in the present study has been numerically representative. A slight, but significant LVEF increase was obtained in this group, being higher in moderate and high risk patients. Unlike previous studies that considered either the total sample or the high risk group, in this group, it was expected that the improvement was greater, as Vasheghani-Farahani et al. [17] analyzed.
An important finding was increased functional capacity in the total sample (2.01 METs), considering Kavanagh et al. [12] conclusions 
Variables
Number (%) in which for every 1 ml/kg/min of exercise capacity, was supposed a prognosis improvement in life of 9% (2.6 years more).
In functional capacity, an increase directly proportional to the risk group was produced, but in LVEF, the increase is greater in the moderate risk group, which could be explained by the difference in sample size in the three risk groups (high risk = 12 patients) as well as the comorbidity which sometimes can be associated with high risk patients, as can be the intermittent claudication which hinders the physical training.
In our study, we observed the improvement in lipid profile, which could be more associated with the pharmacological effects, so the objectives of treatment of dyslipidemia in LDL-cholesterol were too high (LDL-cholesterol < 70 mg/dL). However, the cardiac rehabilitation programs have the advantage of closer monitoring of treatment, awareness of the subject of the condition being treated, in addition the known benefits of physical exercise. As well as, the health education lecture offered cardiac rehabilitation programs, including cardiovascular risk factors, the importance of lipids in prevention, the role of diet and how to adjust it were explained.
With regard to the assessment of abdominal circumference before and after the treatment, in our research was not significant, because it was thought that there was not specific care performed by a nutritionist and many patients initiate the smoking cessation at the beginning of the program, so that the weight reduction was more difficult. Body mass index has had a slight relationship with cardiovascular risk, although it has been considered that weight distribution of adipose tissue was more important than the total bodily weight. The gluteofemoral region (gynoid obesity) was not as dangerous as in the abdominal (android), which has been directly related to cardiovascular risk. Several studies have shown that the measurement of waist circumference is associated independently with mortality from all causes [18, 19] . For these reasons, body mass index was not analyzed, it was preferred abdominal circumference.
In the regression model, it was expected that pharmacological treatment with eplerenone [8] or ivabradine [7] could be confounding factor or interaction, due to the known increase of LVEF.
Based in Schrauwen-Hinderling et al. [14] , it was not added LDLcholesterol, HDL-cholesterol and glycemic values, because in this article it was concluded that there was not relationship between glycemic or lipids values and functional cardiac results, including LVEF.
Besides, gender was not considered because of the little quantity of women (12 in the total sample). It was considered the moderate and high risk group reunification because of the little quantity of this latter group, to show more representative results.
It was not considered the anti-platelet treatment in the regression model because all the patients had two anti-platelet drugs in the moment of the study: Aspirin and prasugrel, as all the patients completed CRP in phase 2, with an average of evaluation 3 months after acute myocardial infarction at the unit.
There were not any influences at the results because of the socioeconomic status despite the heterogeneity in the occupations of the patients (lawyers, administrative assistants, agriculturalist, housewives….). CRP was performed in the phase 2 at hospital, consequently, all the patients who completed the program, received the same sanitary attention, because of the Spanish health public system. This result could influence more at phase 3 (domiciliary) where is more dependent on care and social/family components.
During CRP there was not any event of mortality in the duration of the study (phase 2). Phase 3 (domiciliary) was not analyzed because it was not the objective of the study. However, it was reported that 3 months after finishing the CRP 1 patient died at his residence (phase 3).
In echocardiography, performed within routine clinical practice, LVEF, wall motion and presence of myocardial alterations by Simpson method were considered, although in other studies volumes, diameters and other indices [20] were taken into account, as well as the assessment of these parameters with another more sensitive measuring instrument as magnetic resonance imaging (SchrauwenHinderling et al. [14] ). Although, it was known that the best noninvasive and gold standard method for evaluating volumes and systolic function of left ventricle was cardiac magnetic resonance at the present time, it was not used in this study because it was out of our reach and it was not present in our routine clinical practice.
In the linear regression, Mather et al. [21] mentioned that the predictor of final LVEF at three months after an acute myocardial infarction was LVEF in the first week after primary percutaneous angioplasty. In Frengley et al. [22] , LVEF was considered significant predictor of survival. However, no studies have been found in which the dependent variable is LVEF after CRP to analyze the predictors that might influence the variation thereof.
A number of limitations need to be considered. A lack of a control group because the number of patients who performed the domiciliary treatment was insufficient, in order to obtain higher homogeneity of the sample, the number of patients with moderate and high risk was greater, especially the latter; in the variable number of vessels would also be convenient to determine the location of the coronary artery that has been affected but it was difficult because of its statistical difficulty.
It would be interesting for future studies to perform a longitudinal research with the same group of patients in phase 3, where the increase of LVEF after CRP and the evolution of mortality rate were proved as well as the possibility of comparing variables with controls to assess the increase and significance in both groups, as Belardineli et al. [9] .
Conclusions
This study has shown improvement of LVEF in patients who performed the CRP. Predictors associated with increased LVEF were moderate/high risk, number of affected vessels and type of coronary reperfusion. Improvement in risk factors and FC were confirmed.
